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Abstract
The inclusive rate and τ spectrum for a polarized Λb -baryon to decay to charm hadronic
final states and leptons τν in the SM and a two-Higgs doublet model are computed.The
O(αs) QCD corrections to τ spectrum in the two-Higgs model are also given.
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I.Introduction
The semileptonic decay B → Xclν has been extensively studied in both the standard model(SM) and a
two-Higgs-doublet model(THDM) [1–9].Compared with the B decay,in addition to the spectrum of the lepton
arising from the decay,the various spin correlation quantities are of interest for the decay of a polarized Λb.It’s
well-known [10,11] that the heavy quarks produced in Z0 decay are polarized and only charmed and beautiful
Λ baryons seem to offer a practical method to measure the polarization of the corresponding heavy quark.The
polarization transferred from a heavy quark Q to the corresponding ΛQ is 100% [12] in the limit mQ →∞.Thus
the angular distributions of charged leptons [13,14] from semileptonic decays of Λb and Λc can be used as
spin analysers for the decays of heavy quarks.Some aspects of the inclusive rate and l spectrum of polarized
Λb → Xclν have been studied in the SM [3,15,16].
The Λb → Xcτν (and B → Xcτν) decay is sensitive to new physics,in particular, models with charged Higgs
bosons.Because the charged Higgs bosons contribute at tree level,its contribution can not be cancelled by other
new particles in the models. Therefore,the calculations of charged Higgs contributions with high accuracy will
provide strong bound on parameters of the models when experimental measurement of the decay is available.
In this paper we investigate the polarized inclusive decay Λb → Xcτν in both the SM and THDM. In the
SM we extend the results of Manohar and Wise [3] to the case of non-zero mass of the final state lepton (tau).
We calculate the spin dependent form factors in the hadronic tensor to the 1/m2b order in HQET which do not
contribute to the decay rate when the mass of the final state lepton is neglected. In the THDM we compute the
inclusive rate and τ spectrum for a polarized Λ → Xcτν included the Λ2QCD/m2b nonperturbative corrections
and the O(αs) perturbative corrections to τ spectrum.
The paper is organized as follows. In section II we calculate τ spectrum from a polarized Λb decay to the
order 1/m2b in the 1/mb expansion in the SM. Section III is devoted to calculations in the THDM. The O(αs)
QCD corrections to the decay are included. In section IV numerical results are given. Finally, a summary and
discussions are presented in section V.
II.τ spectrum of Λb → Xcτν in the SM
We consider the inclusive semileptonic decay Λb → Xcτν in the SM. At the tree level,for unpolarized leptons
the partial decay width can be written as
dΓ =
G2f |Vcb|2
(2π)5EH
LµνWµν
d3pτ
2Eτ
d3pν
2Eν
, (1)
where EH is the energy of Λb,Lµν is the leptonic tensor
Lµν = 2(pµτ p
ν
ν + p
ν
τp
µ
ν − gµνpτ .pν + iǫµναβ(pτ )α(pν)β), (2)
and Wµν is the hadronic tensor
Wµν = (2π)
3
∑
X
δ4(pΛb − q − pX)〈Λb(v, s)|Jµ†|X〉〈X |Jν|Λb(v, s)〉 (3)
with pΛb = mΛbv, q = pτ + pν and s being the spin of Λb. Jµ = c¯γµ
(1−γ5)
2 b in eq.(3) is the hadronic current.
The expansion of Wµν in terms of Lorentz invariant structure functions Wi is defined by
Wµν = −gµνW1 + vµvνW2 − iǫµναβvαqβW3 + qµqνW4 + (qµvν + qνvµ)W5 + {−q.s[−gµνW s1 + vµvνW s2 − iǫµναβvαqβW s3 + qµqνW s4 + (qµvν + qνvµ)W s5 ]+
(sµvν + sνvµ)W
s
6 + (sµqν + sνqµ)W
s
7 + iǫµναβv
αsβW s8 + iǫµναβq
αsβW s9
}
. (4)
The structure functions Wi can be calculated in heavy quark effective theory (HQET) [17] and results to the
1/m2b order are
W1 = δ(z )
(
mb
2
+
Kbmb
6
− q.v
2
)
− δ′(z )
(
2Kbmb q
2
3
+Kbmb
2 q.v − 5Kbmb q.v
2
3
)
+
δ
′′
(z )
(
−2Kbmb3
(
q2 − q.v2)
3
+
2Kbmb
2 q.v
(
q2 − q.v2)
3
)
,
2
W2 = δ(z )
(
mb +
5Kbmb
3
)
− 14 δ
′
(z )Kbmb
2 q.v
3
+ δ
′′
(z )
(
−4Kbmb3
(
q2 − q.v2)
3
)
,
W3 =
δ(z )
2
− 5 δ
′
(z )Kbmb q.v
3
+ δ
′′
(z )
(
−2Kbmb2
(
q2 − q.v2)
3
)
,
W4 =
−4 δ′(z )Kbmb
3
,
W5 =
−δ(z )
2
− δ′(z )
(−4Kbmb2
3
− 5Kbmb q.v
3
)
+ δ
′′
(z )
(
2Kbmb
2
(
q2 − q.v2)
3
)
,
W s1 =
−δ(z ) (1 + ǫb)
2
− δ′(z) 5Kbmb (−q.v)
3
+
2 δ
′′
(z)Kbmb
2
(
q2 − q.v2)
3
,
W s2 =
−4 δ′(z)Kbmb2
3
,
W s3 =
−2 δ′(z)Kbmb
3
,
W s4 = 0,
W s5 =
2 δ
′
(z)Kbmb
3
,
W s6 = δ(z )
(− (1 + ǫb) mb
2
− 5Kbmb
6
)
− δ′(z)
(
−5Kbmb
2 q.v
3
)
+
2 δ
′′
(z)Kbmb
3
(
q2 − q.v2)
3
,
W s7 =
δ(z ) (1 + ǫb)
2
− δ′(z)
(
5Kbmb
2
3
−Kbmb (mb − q.v )
)
−
2 δ
′′
(z)Kbmb
2
(
q2 − q.v2)
3
,
W s8 = δ(z )
(
(1 + ǫb) mb
2
+
Kbmb
6
)
− δ′(z)
(
5Kbmb
2 q.v
3
)
− 2 δ
′′
(z)Kbmb
3
(
q2 − q.v2)
3
,
W s9 =
−δ(z ) (1 + ǫb)
2
− δ′(z)
(−5Kbmb2
3
+Kbmb (mb − q.v )
)
+
2 δ
′′
(z)Kbmb
2
(
q2 − q.v2)
3
. (5)
where
Kb = −〈Λb(v, s)|b¯v (iD)
2
2m2b
bv|Λb(v, s)〉, z = (mbv − q)2 −m2c , (6)
and ǫb is defined by [3]
〈Λb(v, s)|b¯γλγ5b|Λb(v, s)〉 = (1 + ǫb)u¯(v, s)γλγ5u(v, s). (7)
Kb and ǫb are only unknown two parameters at O(m
−2
b ) for the Λb decay which parametrize the nonperturbative
phenomena and are expected to be of order (ΛQCD/mb)
2.We will discuss them in section IV.The another
parameter at O(m−2b )
Gb = Zb〈Hb(v, s)|b¯v gGαβσ
αβ
4m2b
bv|Hb(v, s)〉 (8)
is equal to zero for Hb = Λb due to the zero spin of the light degrees of freedom inside Λb. Wi(i=1,2,3) and
W si (i=1,2,3,6,8,9) have already been given by Manohar and Wise [3] and Wi(i=4,5) by Balk et al. [5]. We list
them here only for completeness. ¿From eqs(1),(2),(4) and(5) we get the differential decay rate
dΓW
Γbdtdxdydcosθ
= Aˆ(x, t, y, η, ǫ) + Bˆ(x, t, y, η, ǫ)cosθ, (9)
here
3
Aˆ(x, t, y, η, ǫ) = [−12 t y + 12 x y − 12 y η +Kb (−16 t+ 20 x y + 16 η)] δ(z)−
4Kb
(
4 t2 − 4 t x− 4 t y − 5 t x y + 7 x2 y − 5 t y2 + 7 x y2 + 4 x η
−4 y η − 5 x y η − 5 y2 η − 4 η2) δ′(z) + 4Kb y (4 t− x2 − 2 x y
−y2) (t− x+ η) δ′′(z),
Bˆ(x, t, y, η, ǫ) =
1√
x2 − 4η {[24 t
2 − 24 t x− 12 t x y + 12 x2 y + 24 x η − 12 x y η−
24 η2 +Kb
(−24 t x+ 20 x2 y + 24 x η − 32 y η)+ ǫb (24 t2 − 24 t x
−12 t x y + 12 x2 y + 24 x η − 12 x y η − 24 η2)] δ(z)− 4Kb (8 t2+
6 t2 x− 10 t x2 + 10 t2 y − 18 t x y − 5 t x2 y + 7 x3 y − 5 t x y2+
7 x2 y2 + 10 x2 η + 8 t y η + 2 x y η − 5 x2 y η − 5 x y2 η − 8 η2−
6 x η2 − 2 y η2) δ′(z) + 4Kb (4 t− x2 − 2 x y − y2) (t− x+ η) (
−2 t+ x y + 2 η) δ′′(z)} (10)
where
Γb =
G2F |Vcb|2m5b
192π3
, x =
2Eτ
mb
, y =
2Eν
mb
, t =
q2
m2b
, η =
m2τ
m2b
, ǫ =
mc
mb
and θ is the angle between the τ direction and the Λb spin in the rest frame of the Λb. After integrating over t
and y,one obtains the τ energy spectrum
dΓW
Γbdxdcosθ
= AW (x, η, ǫ) +BW (x, η, ǫ)cosθ, (11)
where AW (x, η, ǫ) and BW (x, η, ǫ) are given in Appendix. The η → 0 limits of AW and BW agree with the
results of Manohar and Wise [3]. The total inclusive decay width of Λb → Xcτν can be obtained by integrating
the spectrum formula over range
2
√
η ≤ x ≤ 1− ρ+ η,
the result is not present here because one can easily obtain it from ref. [5] by taking Gb=0. Perturbative O(αs)
QCD corrections to the double differential distribution of the τ energy and the invariant mass of the lepton
system for b → cτν have been studied by M. Jez˙abek et al. [18,19]. We will use eq.(30) in ref. [19] in our
numerical analysis for the nonpolarized distribution of the τ energy.
III.τ spectrum of Λb → Xcτν in THDM
We consider the THDM [20–22] in which the up-type quarks get masses from Yukawa couplings to the one
Higgs doublet H2(with the vacuum expectation value v2) and down-type quarks and leptons get masses from
Yukawa couplings to the another Higgs doublet H1 (with the vacuum expectation value v1). Such a model
occurs as a natural feature in supersymmetric theories. For the sake of simplicity we shall use the Feynman
rules of the THDM in MSSM [23].In a THDM there are three diagrams contributing to the decay τ spectrum
of Λb → Xcτν which correspond to W-exchange,Goldstone boson-exchange,and charged Higgs boson-exchange
respectively if one uses a non-physical gauge. It is shown in ref. [8] that in the Landau gauge the rate can be
decomposed into the sum of two incoherent decays:
M = MW +MS ⇒ |M |2 = |MW |2 + |MS|2
where MS = MG +MH .MW ,MG and MH are the W-mediated,Goldstone boson-mediated and Higgs boson-
mediated decay amplitudes respectively. This decomposition has an advantage to simplify calculations,in par-
ticular, the calculations of QCD corrections. We assume the Landau gauge hereafter.Then the new thing needed
to do is to calculate MS .
For the purpose of calculating MS the hadronic current Jµ in eq.(3) is replaced by
Ji = c¯(ai + biγ5)b (i = H,G) (12)
with
4
aH = mbtanβ +mccotβ, bH = mbtanβ −mccotβ, aG = −mb +mc, bG = −mb −mc.
Following the same steps as those in section II,a straightforward calculation leads to
dΓH
Γbdxdcosθ
= AH(x, η, ǫ, ξ, tanβ) +BH(x, η, ǫ, ξ, tanβ)cosθ, (13)
dΓI
Γbdxdcosθ
= AI(x, η, ǫ, ξ, tanβ) +BI(x, η, ǫ, ξ, tanβ)cosθ, (14)
with Ai(x, η, ǫ, ξ, tanβ) and Bi(x, η, ǫ, ξ, tanβ)(i = H, I)given in Appendix. Here dΓi/dx(i = H, I) denotes the
contributions to the τ spectrum from Higgs-mediated and the interference term between Higgs-mediated and
Goldstone boson-mediated respectively,and ξ = mH/mb.
For the spin independent terms AH and AI , our results agree with those obtained by Y. Grossman et al.
[7]. Note that BI = 0 at the leading order of 1/mb expansion as mc → 0.This is due to the chiral difference of
the vertices of W and Higgs. As we can see in numerical analysis that this makes BI much smaller than BW .
Combining eq.(11),eq.(13) and eq.(14), one obtains the τ spectrum of Λb → Xcτν in the THDM
dΓTHDM
Γbdxdcosθ
= (AW +AI +AH) + (BW +BI +BH)cosθ. (15)
We now come to the position to calculate O(αs) QCD corrections. Making use of the results obtained by
A.Czarnecki et al. [24],Y. Grossman et al. got the O(αs) corrections of the total width of b → cτν mediated
by Higgs [8]. To get the O(αs) corrections of τ spectrum one can also use their results. We find that the
relation between dΓ
H(I)
αs /dxdt and dΓ
H(I)
αs /dt is very simple, as expected. dΓ
H(I)
αs /dxdt is independent of x
because Goldstone boson and Higgs are both scalar particles. Therefore,dΓ
H(I)
αs /dxdt can be simply obtained by
dividing dΓ
H(I)
αs /dt by xmax−xmin, where xmax, xmin denote x’s kinematical upper and lower limits respectively.
dΓ
H(I)
αs /dt can be easily obtained from eq.(8) of ref. [24] by multiplying the lepton part.The results are
dΓHαs
dxdt
=
√
2m2bη(t− η)tan2β
16π2ξ4p3
Γ(c1H , c
2
H , c
3
H),
dΓIαs
dxdt
=
√
2m2bη(t− η)tanβ
8π2ξ2tp3
Γ(c1I , c
2
I , c
3
I), (16)
here
c1H = 2tan
2β + 2ǫ2cot2β, c2H = 4ǫ, c
3
H = tan
2β − ǫ2cot2β,
c1I = −2tanβ + 2ǫ2cotβ, c2I = 2ǫ(tanβ − cotβ), c3I = −tanβ − ǫ2cotβ, (17)
and Γ(c1, c2, c3) is [24]
Γ(c1, c2, c3) =
αs
6π2
GFm
3
b |Vcb|2√
2
[
c1G+ + c
2G− + c
3G0
]
(18)
with
G+ = p0H + p0p3[
9
2
− 2 ln(16p
4
3
ǫ2t
)] +
1
4t
Yp(2− t− 4t2 + 3t3 − 2ǫ2 − 2ǫ4 + 2ǫ6 − 4tǫ2 − 5tǫ4),
G− = H + p3[6− 2 ln(16p
4
3
ǫ2t
)] +
1
t
Yp(1− t− 2ǫ2 + ǫ4 − 3tǫ2),
G0 = −6p0p3 ln ǫ,
where
H = 4p0[Li2(p+)− Li2(p−)− 2Li2(1− p−
p+
) +
1
2
Yp ln(
16p43t
p4+
)− Yw ln ǫ] + 2Yw(1− ǫ2) + 2
t
p3 ln ǫ(1 + t− ǫ2),
p0 ≡ 1
2
(1− t+ ǫ2), p3 ≡ 1
2
√
1 + t2 + ǫ4 − 2(t+ ǫ2 + tǫ2), p± ≡ p0 ± p3,
5
Yp ≡ 1
2
ln
p+
P−
,W0 ≡ 1
2
(1 + t− ǫ2),W± ≡W0 ± p3, Yw ≡ 1
2
ln
W+
W−
.
After integrating (16) over t, we get τ spectrum numerically with only parameters tanβ and ξ. As a check,we
find that our numerical results of ΓHαs and Γ
I
αs
agree with those obtained by Y. Grossman et al. [8].
IV. Numerical Results
In order to do numerical calculations we need to discuss values of parameters which are Kb, ǫb,mc,mb and the
parameters in THDM.
1.Constraints on the parameters of THDM
In ref. [25,26],constraints on tanβ from K− K¯ and B− B¯ mixing ,Γ(b→ sγ),Γ(b→ cτν) and Rb have been
given
0.7 < tanβ < 0.6
mH±
1Gev
and also the lower limit mH± > 200Gev has been given there. Taking the radiative correction and the 1/m
2
Q
correction into account in the B meson decay, Y.Grossman et al. have a improved bound of R (defined by
R = tanβ/mH±) which is
R < 0.49Gev−1
. We will predict the τ spectrum and total width of Λb decay under these constraints.
2.About the parameters Kb, ǫb and mb,mc
Kb and ǫb characterize the 1/m
2
Q corrections to the decay distribution for Λb → Xcτν and are nonper-
turbative quantities independent of mQ. Since quarks are not free physical particles,mb and mc can not be
determined directly by experiment. However, we can estimate them by the phenomenological analysis of the
heavy hadron spectra to the order 1/mQ. ¿From the effective Lagrangian in HQET, the mass of a heavy hadron
can be written as [30–32]
mhQ = mQ + Λ¯(j
P
l , I, S) +
a(jPl , I, S)
mQ
+
b(jPl , I, S)
mQ
〈~SQ ·~jl〉+ ..., (19)
where 〈~SQ ·~j1〉 = 12 [J(J + 1)− jl(jl + 1)− 34 ] with J and jl being the spins of the hadron and the light degrees
of freedom inside the hadron respectively. The parameter Λ¯ represents contributions come from the effective
Lagrangian in the mQ → ∞ limit, and a, b are respectively associated with the kinetic energy and the color
magnetic energy of the heavy quark inside the hadron. In present case,a(0+, 0, 0) = m2bKb and b(0
+, 0, 0)=0.
It is shown that ǫb ≤ −2/3Kb [29]. Furthermore, one can take ǫb = −2/3Kb if one omits the contributions of
terms arising from double insertions of chromomagnetic operator [27–29]. Starting from eq.(19), it is shown
[32] that one can obtain a(12
−
, 12 , 0), mc (and Λ¯(
1
2
−
, 12 , 0), b(
1
2
−
, 12 , 0) ) by using the observed masses of the
doublets (B∗, B) and (D∗, D) if choosing mb as input. Furthermore, a(0
+, 0, 0) which is the parameter we need
is determined by [32,3]
a(0+, 0, 0) =
hmb
1− h [(mΛc − m¯D)− (mΛb − m¯B)] + a(
1
2
−
,
1
2
, 0), (20)
where
h =
mB∗ −mB
mD∗ −mD , (21)
and m¯H =
1
4 (mH + 3mH∗), H=B, D. Therefore, if we choose mb = 5.1Gev, the other parameters will be† :
mc = hmb = 1.65Gev
† the experimental data used in ref. [32] have been improved since then. Our data are from ref. [33].
6
Kb =
0.142mcGev
m2b
≈ 0.009, ǫb ≈ −0.006
If we choose mb = 5.044 which is a ”critical” value based on eq.(19) [32], other parameters will be
mc = 1.63Gev,Kb ≈ 0.006, ǫb ≈ −0.004
We will use these two sets of values and discriminate them by the first(mb = 5.044Gev) and second(mb =
5.1Gev) set respectively in the numerical computations.
Using the parameters given above, we obtain the total width in terms of tanβ and mH as follows:
Γ1W
Γb
= C1W +D
1
Wαs,
Γ1H + Γ
1
I
Γb
= C1H +D
1
Hαs, ,
Γ2W
Γb
= C2W +D
2
Wαs,
Γ2H + Γ
2
I
Γb
= C2H +D
2
Hαs, (22)
where
C1W = 0.109,
C1H = −
0.0141
(
0.253 + 1.16 tan2β
)
ξ2
+
0.0141
(
0.025 + 0.112 tan2β + 0.239 tan4β
)
ξ4
,
D1W = −0.0476,
D1H =
0.00804
(−0.165− 0.577 ξ2 − 0.374 tan2β − ξ2 tan2β − 0.331 tan4β)
ξ4
,
C2W = 0.112,
C2H = −
0.0139
(
0.262 + 1.19 tan2β
)
ξ2
+
0.0139
(
0.0256 + 0.107 tan2β + 0.245 tan4β
)
ξ4
,
D2W = −0.0493,
D2H =
0.0082
(−0.163− 0.574 ξ2 − 0.37 tan2β − ξ2 tan2β − 0.328 tan4β)
ξ4
, (23)
The superscript i (i=1, 2) in eqs.(22) and (23) denotes that the ith set of values of Kb, ǫb,mc and mb is used.
The explicit dependence of total width ΓTHDM = ΓW + ΓH + ΓI (normalized to the electron channel)
on tanβ and mH is plotted in fig.1. It should be noted that the absolute value of ΓTHDM is very sensitive
to mb. Using the ratio between the width Γ
τ
THDM and Γ
e
THDM separates the theoretical and experimental
uncertainties and deletes the |Vcb|2m5b factor which is not well-known yet. From fig.1 the following remarks can
be drawn: (1) The normalized total width is not sensitive to the values of the parameters in HQET. The value
of the normalized width for the second set of parameters is three percent larger than that for the first set. (2)
In the range of tanβ which is interesting physically, say, tanβ < 60, the normalized width changes roughly five
to fifteen percent when tanβ changes from twenty to sixty and mH± is fixed. The normalized width changes
the same order of magnitude for fixed tanβ and changing mH± from 200 to 400 Gev. From eqs. (22) and (23)
it follows that the αs corrections decrease the total width roughly 20 percent which is larger than that in SM.
Because when tanβ ≫ 1 CiH is proportional to r2 (−1+0.2 r2) and DiH is proportional to −r2 (1+0.3 r2) where
r=Rmb, one can obtain constraints on r from the measurement of the total width.
τ spectrum for some typical values of tanβ and mH is calculated and the result is plotted in figs.2-5. The
predictions in the SM are also plotted in the figs.. Here the αs corrections for the spin-dependent term are
not considered. We can see from figs.4-5 that the spin-dependent spectrum is quite different for r ≤ 1 and
r ≥ 2 (Note that we have the constraints r < 0.49Gev−1mb ≈ 2.5 and mH± ≥ 200Gev from experiments, as
mentioned before). The reason is as follows. We know from Appendix that BH = −J r
2 η
8 ξ2 BW ≈ −r4 η BW /4.
That is, it depends r4. For r ≤ 1, BH ≪ BW . As pointed in section III, BI is negligiablly small comparing
with BW due to the chiral difference of b quark couplings to W and H± which is deduced from Model II of
7
THDM. Therefore, the spectrum is almost the same as that in the SM, as can be seen from figs.4-5. For r ≥ 2
, BH is as the same order of magnitude as BW so that BH and BW tend to cancel each other, which makes the
spin-dependent distribution of τ energy very small and a little dependent of the τ energy, as shown in figs.4-5.
Thus one can say that if the τ spectrum is somewhat more isotropic than what the SM predicts, the THDM
with large tanβ (> 80) and mH ≥ 200Gev is preferred in describing the nature. For the nonpolarized term, as
can be seen from figs.4-5, the spectrum is very similar to that of B decay since the difference between the Λb
decay and B decay comes from the 1/m2b corrections.
V. Summary
In summary, we have calculated the rate and τ spectrum of the inclusive semileptonic decay for a polarized
Λb → Xcτν to the 1/m2b order in the 1/mb expansion in the SM. The αs corrections are included in the
numerical computations for the spin independent terms of τ spectrum. Our results show that the spin dependent
τ spectrum is significant enough to be seen.
We have also calculated the same quantities in a THDM. For the spin independent terms of τ spectrum
arising from Higgs-mediated and the interference term, we have calculated the O(αs) QCD corrections to the
double differential distribution. Together with the αs corrections in the SM given in ref. [18], we obtained all
the αs corrections to the non-polarized double differential distribution (and so the total width) in the THDM.
The numerical results show that the branching ratio of Λb → Xcτν in THDM is of approximately 25 percent
of that in the electron channel and the spin dependent τ spectrum can be used to estimate the size of tanβ
and mH± . The spectrum depends dominantly on R if tanβ ≫ 1 so that from the measurement of the angular
distribution of a polarized Λb → Xcτν in B-factories within the coming years one can obtain constraints on R.
It is obvious that substituting the u quark mass mu=o for mc one immediately obtains the decay rate and
τ spectrum for a polarized Λb → Xuτν. And with minor changes one can extend the results in the paper to the
inclusive semileptonic decay of a polarized Λc → Xs,dτν. It is interesting to calculate the αs corrections to the
spin dependent term of τ spectrum.
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Appendix: Expressions of Ai and Bi(i =W,H, I)
AW =
√
x2 − 4 η
(1− x+ η)3
(−1 + ǫ2 + x− η)2 (3 x+ 3 ǫ2 x− 5 x2 − ǫ2 x2 + 2 x3−
4 η − 8 ǫ2 η + 10 x η + 3 ǫ2 x η − 5 x2 η − 4 η2 + 3 x η2)+
2Kb
√
x2 − 4 η
3(1− x+ η)5
(−5 x2 − 15 ǫ4 x2 + 20 ǫ6 x2 + 25 x3 + 21 ǫ4 x3−
10 ǫ6 x3 − 50 x4 − 6 ǫ4 x4 + 2 ǫ6 x4 + 50 x5 − 25 x6 + 5 x7 + 14 η + 6 ǫ4 η
−20 ǫ6 η − 70 x η + 78 ǫ4 x η − 80 ǫ6 x η + 115 x2 η − 147 ǫ4 x2 η+
44 ǫ6 x2 η − 40 x3 η + 60 ǫ4 x3 η − 10 ǫ6 x3 η − 80 x4 η − 6 ǫ4 x4 η + 86 x5 η
−25 x6 η + 70 η2 − 126 ǫ4 η2 + 152 ǫ6 η2 − 280 x η2 + 300 ǫ4 x η2 − 80 ǫ6 x η2
+370 x2 η2 − 147 ǫ4 x2 η2 + 20 ǫ6 x2 η2 − 130 x3 η2 + 21 ǫ4 x3 η2 − 80 x4 η2
+50 x5 η2 + 140 η3 − 126 ǫ4 η3 − 20 ǫ6 η3 − 420 x η3 + 78 ǫ4 x η3 + 370 x2 η3
−15 ǫ4 x2 η3 − 40 x3 η3 − 50 x4 η3 + 140 η4 + 6 ǫ4 η4 − 280 x η4 + 115 x2 η4
+25 x3 η4 + 70 η5 − 70 x η5 − 5 x2 η5 + 14 η6) , (24)
BW =
(
x2 − 4 η)
(1− x+ η)3
(−1 + ǫ2 + x− η)2 (1− ǫ2 − 3 x− ǫ2 x+ 2 x2 + 4 η+
3 ǫ2 η − 5 x η + 3 η2)+ ǫb
(
x2 − 4 η)
(1− x+ η)3
(−1 + ǫ2 + x− η)2 (1− ǫ2 − 3 x−
ǫ2 x+ 2 x2 + 4 η + 3 ǫ2 η − 5 x η + 3 η2)+ 2Kb
(−x2 + 4 η)
3 (1− x+ η)5
(5 x−
15 ǫ4 x+ 10 ǫ6 x− 25 x2 + 21 ǫ4 x2 + 4 ǫ6 x2 + 50 x3 − 6 ǫ4 x3 − 2 ǫ6 x3
−50 x4 + 25 x5 − 5 x6 + 36 ǫ4 η − 36 ǫ6 η + 25 x η − 51 ǫ4 x η − 22 ǫ6 x η
−100 x2 η + 10 ǫ6 x2 η + 150 x3 η + 6 ǫ4 x3 η − 100 x4 η + 25 x5 η + 60 ǫ6 η2
+50 x η2 + 51 ǫ4 x η2 − 20 ǫ6 x η2 − 150 x2 η2 − 21 ǫ4 x2 η2 + 150 x3 η2
−50 x4 η2 − 36 ǫ4 η3 + 50 x η3 + 15 ǫ4 x η3 − 100 x2 η3 + 50 x3 η3 + 25 x η4
−25 x2 η4 + 5 x η5) . (25)
AH =
η tan2β
√
x2 − 4 η
8 ξ4 (1− x+ η)3
(
1− ǫ2 − x+ η)2 [L (6 ǫ x− 6 ǫ x2 − 12 ǫ η+
9
18 ǫ x η − 12 ǫ η2)+ F (3 x+ 3 ǫ2 x− 5 x2 − ǫ2 x2 + 2 x3 − 4 η−
8 ǫ2 η + 10 x η + 3 ǫ2 x η − 5 x2 η − 4 η2 + 3 x η2)]+
Kb η
tan2β
√
x2 − 4 η
12 ξ4 (1− x+ η)5
[
L
(−18 ǫ x+ 36 ǫ3 x− 18 ǫ5 x+ 54 ǫ x2
−120 ǫ3 x2 + 66 ǫ5 x2 − 36 ǫ x3 + 132 ǫ3 x3 − 60 ǫ5 x3 − 36 ǫ x4
−48 ǫ3 x4 + 12 ǫ5 x4 + 54 ǫ x5 − 18 ǫ x6 + 72 ǫ η − 96 ǫ3 η + 24 ǫ5 η
−342 ǫ x η + 480 ǫ3 x η − 210 ǫ5 x η + 504 ǫ x2 η − 720 ǫ3 x2 η+
264 ǫ5 x2 η − 180 ǫ x3 η + 360 ǫ3 x3 η − 60 ǫ5 x3 η − 144 ǫ x4 η−
24 ǫ3 x4 η + 90 ǫ x5 η + 288 ǫ η2 − 384 ǫ3 η2 + 192 ǫ5 η2 − 900 ǫ x η2
1080 ǫ3 x η2 − 390 ǫ5 x η2 + 756 ǫ x2 η2 − 792 ǫ3 x2 η2 + 102 ǫ5 x2 η2
+36 ǫ x3 η2 + 84 ǫ3 x3 η2 − 180 ǫ x4 η2 + 432 ǫ η3 − 480 ǫ3 η3 + 168 ǫ5 η3
−828 ǫ x η3 + 672 ǫ3 x η3 − 54 ǫ5 x η3 + 216 ǫ x2 η3 − 96 ǫ3 x2 η3+
180 ǫ x3 η3 + 288 ǫ η4 − 192 ǫ3 η4 − 234 ǫ x η4 + 36 ǫ3 x η4 − 90 ǫ x2 η4
+72 ǫ η5 + 18 ǫ x η5
)
+ F
(−5 x2 − 15 ǫ4 x2 + 20 ǫ6 x2 + 25 x3 + 21 ǫ4 x3
−10 ǫ6 x3 − 50 x4 − 6 ǫ4 x4 + 2 ǫ6 x4 + 50 x5 − 25 x6 + 5 x7 + 14 η+
6 ǫ4 η − 20 ǫ6 η − 70 x η + 78 ǫ4 x η − 80 ǫ6 x η + 115 x2 η − 147 ǫ4 x2 η
+44 ǫ6 x2 η − 40 x3 η + 60 ǫ4 x3 η − 10 ǫ6 x3 η − 80 x4 η − 6 ǫ4 x4 η+
86 x5 η − 25 x6 η + 70 η2 − 126 ǫ4 η2 + 152 ǫ6 η2 − 280 x η2 + 300 ǫ4 x η2
−80 ǫ6 x η2 + 370 x2 η2 − 147 ǫ4 x2 η2 + 20 ǫ6 x2 η2 − 130 x3 η2 + 21 ǫ4 x3 η2
−80 x4 η2 + 50 x5 η2 + 140 η3 − 126 ǫ4 η3 − 20 ǫ6 η3 − 420 x η3 + 78 ǫ4 x η3
+370 x2 η3 − 15 ǫ4 x2 η3 − 40 x3 η3 − 50 x4 η3 + 140 η4 + 6 ǫ4 η4 − 280 x η4
+115 x2 η4 + 25 x3 η4 + 70 η5 − 70 x η5 − 5 x2 η5 + 14 η6)] , (26)
BH = −J r
2 η
8 ξ2
BW , (27)
AI = −
3 η
√
x2 − 4 η (−1 + ǫ2 + x− η)2
ξ2 (1− x+ η)2
(
2 ǫ2 + 2 tan2β − ǫ2 x− 2 x tan2β+
2 tan2β η
)−Kb η
√
x2 − 4 η
ξ2 (1− x+ η)4
[
6 ǫ2 − 12 ǫ4 + 6 ǫ6 − 24 ǫ2 x+ 24 ǫ4 x+
36 ǫ2 x2 − 14 ǫ4 x2 − 24 ǫ2 x3 + 6 ǫ2 x4 + 2 ǫ4 x4 + 24 ǫ2 η − 4 ǫ4 η − 36 ǫ6 η
−72 ǫ2 x η + 24 ǫ6 x η + 72 ǫ2 x2 η + 8 ǫ4 x2 η − 6 ǫ6 x2 η − 24 ǫ2 x3 η − 8 ǫ4 x3 η
+36 ǫ2 η2 − 4 ǫ4 η2 + 6 ǫ6 η2 − 72 ǫ2 x η2 + 8 ǫ4 x η2 + 36 ǫ2 x2 η2 + 6 ǫ4 x2 η2
+24 ǫ2 η3 − 12 ǫ4 η3 − 24 ǫ2 x η3 + 6 ǫ2 η4 + tan2β (−6 + 12 ǫ2 − 6 ǫ4 + 24 x
−48 ǫ2 x+ 24 ǫ4 x− 36 x2 + 72 ǫ2 x2 − 26 ǫ4 x2 + 24 x3 − 48 ǫ2 x3 + 8 ǫ4 x3
−6 x4 + 12 ǫ2 x4 − 30 η + 48 ǫ2 η − 34 ǫ4 η + 96 x η − 144 ǫ2 x η + 64 ǫ4 x η
−108 x2 η + 144 ǫ2 x2 η − 26 ǫ4 x2 η + 48 x3 η − 48 ǫ2 x3 η − 6 x4 η − 60 η2
+72 ǫ2 η2 − 34 ǫ4 η2 + 144 x η2 − 144 ǫ2 x η2 + 24 ǫ4 x η2 − 108 x2 η2+
72 ǫ2 x2 η2 + 24 x3 η2 − 60 η3 + 48 ǫ2 η3 − 6 ǫ4 η3 + 96 x η3 − 48 ǫ2 x η3−
36 x2 η3 − 30 η4 + 12 ǫ2 η4 + 24 x η4 − 6 η5)] , (28)
BI =
3 η ǫ2
(−1 + ǫ2 + x− η)2 (x2 − 4 η)
ξ2 (1− x+ η)2 + ǫb
3 η ǫ2
(−1 + ǫ2 + x− η)2 (x2 − 4 η)
ξ2 (1− x+ η)2
−Kb
η
(
1− ǫ2 − x+ η)
ξ2 (1− x+ η)4
[−22 ǫ2 x+ 20 ǫ4 x+ 2 ǫ6 x+ 62 ǫ2 x2 − 30 ǫ4 x2−
8 ǫ6 x2 − 52 ǫ2 x3 + 4 ǫ4 x3 + 4 ǫ2 x4 + 6 ǫ4 x4 + 10 ǫ2 x5 − 2 ǫ2 x6 + 92 ǫ2 η−
104 ǫ4 η + 12 ǫ6 η − 360 ǫ2 x η + 236 ǫ4 x η + 20 ǫ6 x η + 448 ǫ2 x2 η − 126 ǫ4 x2 η
+8 ǫ6 x2 η − 176 ǫ2 x3 η − 4 ǫ4 x3 η − 2 ǫ6 x3 η − 12 ǫ2 x4 η + 2 ǫ4 x4 η + 8 ǫ2 x5 η
+272 ǫ2 η2 − 152 ǫ4 η2 − 72 ǫ6 η2 − 660 ǫ2 x η2 + 156 ǫ4 x η2 + 18 ǫ6 x η2+
420 ǫ2 x2 η2 + 6 ǫ4 x2 η2 − 4 ǫ6 x2 η2 − 20 ǫ2 x3 η2 − 8 ǫ4 x3 η2 − 12 ǫ2 x4 η2+
264 ǫ2 η3 − 56 ǫ4 η3 + 12 ǫ6 η3 − 328 ǫ2 x η3 + 4 ǫ4 x η3 + 32 ǫ2 x2 η3 + 6 ǫ4 x2 η3
+8 ǫ2 x3 η3 + 80 ǫ2 η4 − 8 ǫ4 η4 − 6 ǫ2 x η4 − 2 ǫ2 x2 η4 − 4 ǫ2 η5 + tan2β (2 x−
4 ǫ2 x+ 2 ǫ4 x− 6 x2 + 10 ǫ2 x2 − 4 ǫ4 x2 + 4 x3 − 6 ǫ2 x3 + 2 ǫ4 x3 + 4 x4−
2 ǫ2 x4 − 6 x5 + 2 ǫ2 x5 + 2 x6 − 16 η + 16 ǫ2 η + 74 x η − 60 ǫ2 x η + 2 ǫ4 x η
10
−120 x2 η + 66 ǫ2 x2 η + 76 x3 η − 16 ǫ2 x3 η − 2 ǫ4 x3 η − 8 x4 η − 6 ǫ2 x4 η−
6 x5 η − 64 η2 + 48 ǫ2 η2 + 212 x η2 − 108 ǫ2 x η2 − 2 ǫ4 x η2 − 228 x2 η2+
54 ǫ2 x2 η2 + 4 ǫ4 x2 η2 + 76 x3 η2 + 6 ǫ2 x3 η2 + 4 x4 η2 − 96 η3 + 48 ǫ2 η3+
212 x η3 − 52 ǫ2 x η3 − 2 ǫ4 x η3 − 120 x2 η3 − 2 ǫ2 x2 η3 + 4 x3 η3 − 64 η4+
16 ǫ2 η4 + 74 x η4 − 6 x2 η4 − 16 η5 + 2 x η5)] , (29)
where
F = 2tan2β + 2ǫ2cot2β, J = 2tan2β − 2ǫ2cot2β, L = 4ǫ.
When tanβ ≫ 1, eqs. (3), (4) and (5) reduce to
AH =
r4 η
4
AW +O(r
4 tanβ−2), (30)
BH = −r
4 η
4
BW +O(r
4 tanβ−4), (31)
AI = −6 η r
2
√
x2 − 4 η
(1 − x+ η) (1− x+ η − ǫ
2)2 +O(r2 tanβ−2). (32)
FIG. 1. Total width (normalized to the electron channel) in terms of tanβ and mH , using the (a)first
(mb = 5.044Gev),(b)second (mb = 5.1Gev) set of value. The curves terminating at tanβ = 100, 150, 200 correspond to
mH = 200Gev, 300Gev, 400Gev respectively.
FIG. 2. τ spectrum for different αs and tanβ, mH = 200Gev. The first set of parameter value(mb = 5.044Gev) is
used.
FIG. 3. τ spectrum for different αs and tanβ, mH = 200Gev. The second set of parameter value(mb = 5.1Gev) is
used.
FIG. 4. τ spectrum for different tanβ, mH=200Gev. The first set of parameter value(mb = 5.044Gev) is used. O(αs)
corrections are not considered here.
FIG. 5. τ spectrum for different tanβ, mH=200Gev. The second set of parameter value(mb = 5.1Gev) is used. O(αs)
corrections are not considered here.
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